Summary. Immunodiffusion 
specific antigen was detected only after mechanical rupture of washed spermatozoa. The major antigens of spermatozoa are localized in the cell membrane and acrosome. Apparently, sperm antigens were present in cauda epididymal plasma and seminal plasma. These antigens may have been released by physiologically normal spermatozoa or they may represent end products of sperm dissolution within the epididymis and vas deferens. Their presence makes immunological analyses of reproduc¬ tive fluids difficult.
Cauda epididymal plasma and seminal vesicle fluid shared at least two antigens not present in blood serum. These antigens in cauda epididy¬ mal plasma coated the sperm cell and probably were secreted by the caput epididymidis. Coating antigens were more tightly bound to ejacu¬ lated spermatozoa than to spermatozoa from the cauda epididymidis. Soanes, 1965; Rao & Sadri, 1960; Yantorno, Shulman, Gonder, Soanes & Witebsky, 1966) and seminal vesicles (Lobo, Abreu & Santa Rosa, 1963; Matousek, 1964c; Rao & Sadri, 1960; Weil, 1961; Weil & Finkler, 1958) .
Since semen is a mixture of secretions and cells from numerous regions of the reproductive system, it is antigenically complex. Investigators have failed to explain satisfactorily the origin and reciprocal sharing of antigens from sperm¬ atozoa and seminal plasma. Unfortunately, specificity of a given antiserum produced against semen components cannot be predicted accurately from reports of other investigations.
Antisera for immunofluorescent analyses of epididymal function (Barker & Amann, 1969 and unpublished data) were produced against bull spermatozoa and reproductive fluids. This paper presents immunodiffusion and immuno¬ electrophoretic evaluations of the heterogeneity of antigens in bull spermatozoa and reproductive fluids and of antisera produced against these antigens.
MATERIALS AND METHODS
Antigens were processed at 4°C and centrifugations were at 10,000 g unless stated otherwise. Washings were made with phosphate-buffered saline (pH 7-4) . Before storage at -20°C , each preparation of sperm antigens was re-suspended in buffered saline containing penicillin (1000 units/ml), streptomy¬ cin (100 µg/ml) and Merthiolate (0-01%).
Antigens
Semen was collected by artificial vagina from twelve Holstein bulls. Within 15 min after collection, each sample was centrifuged for 15 min and the seminal plasma removed. The seminal plasma was re-centrifuged and pooled (SP) before freezing. Ejaculated spermatozoa isolated by centrifugation were com¬ bined, washed four times and re-suspended (S4X). The tails were separated from the sperm heads by ultra-sonification of a portion of S4X for 30 sec and centrifuging at 150^f or 3 min. The tail-containing supernatant was saved. The pellet of sperm heads was re-suspended by sonification for 10 sec and re-centri¬ fuged. This procedure of centrifugation and sonification was repeated six times and the supernatants saved. The final pellet of washed heads from ejaculated spermatozoa was re-suspended (SH). The combined supernatants were cen¬ trifuged for 30 min and the pellet of tails from washed ejaculated spermatozoa re-suspended (ST). A full list of abbreviations appears in the Appendix.
The cauda epididymidis from twenty-four bulls was isolated and rinsed with buffered saline. Within 30 min after killing the bull, each cauda epididymi¬ dis was repeatedly incised and the sperm-containing fluid aspirated and placed in a vial kept at 4°C. The tissue was rinsed with buffered saline when necessary to avoid blood contamination. The sperm-containing fluid was centrifuged, as described for ejaculated semen, to obtain cauda epididymal plasma. Epididymal fluid also was obtained from thirteen bulls killed at a slaughterhouse. The cauda epididymidis was obtained within 5 min after killing. Fluid aspirated from the cauda was mixed 1 : 1 with buffered saline, cooled to 4°C and centrifuged at 2000 g for 10 min at 20°to 25°C. The supernatant was removed and transported to the laboratory where it was centrifuged to obtain cauda epididymal plasma. Cauda epididymal plasma from the two sources was pooled (CEP). Spermatozoa recovered from the cauda epididymal fluids were washed (ES4X) and stored as described for ejaculated spermatozoa. The heads and tails of epididymal spermatozoa were separated by ultra-sonification of thawed ES4X for 30 sec and centrifuging for 2 min at 500 g. The supernatant was saved and the pellet re-suspended by sonification for 10 sec followed by 2 min centrifugation at 500 g. This fig. 8a ). In the immunodiffusion of aCEP (Text- fig. 3 ), line f which formed with SVF was not present after absorption with Ser. The coalescing lines found among CEP, SP and SVF (Text- fig. 3 (1938) identified head-and tail-specific antigens which were heat-labile, and a heat-stable antigen common to sperm heads and tails. The heat-labile head antigen was detected only after detachment of the head and tail. Procedural differences preclude an explana¬ tion of these discrepancies.
Although spermatozoa apparently have specific antigens, separate prepara¬ tions of purified sperm heads and tails were antigenically weak. The major antigenic components are probably present in the sperm cell membrane and acrosome, both of which were disrupted or completely removed during sepa¬ ration and purification of the sperm heads and tails. Since all precipitating antibodies were absorbed from anti-sperm sera by CEP, sperm components apparently are antigenically weak in comparison to reproductive fluids.
Several lines of evidence indicate that sperm antigens are present in both seminal plasma and cauda epididymal plasma. Immunodiffusion and immunoelectrophoretic analyses revealed that sperm-specific precipitin lines formed with anti-sperm serum absorbed with SP were consistently less intense than those formed after absorption with sperm-free ejaculated fluid which did not contain sperm-specific antigens. Seminal plasma probably contained trace amounts of sperm antigens which, during absorption in vitro, decreased the number of unbound antibodies against spermatozoa. This concept may explain why Matousek (1964b) was unable to determine the origin of sperm antigens by absorption of immune sera with seminal plasma. Absorption with CEP removed all precipitating antibodies from aS4X and aES4X while absorption with SP caused only a partial elimination. Thus, the concentration of sperm-specific antigens in CEP was apparently much higher than in SP.
Sperm-specific antigens were identified in supernatant prepared from ejacu¬ lated spermatozoa washed four times. Most of the acrosomes of these sperma¬ tozoa appeared intact and morphologically normal. After the fourth wash, the spermatozoa were immediately re-suspended and centrifuged; they were in contact with the final supernatant for less than 45 min. The rapid release of antigenic material reported herein probably resulted from a change in perme¬ ability of the sperm cell membrane induced by the washing procedure. Hunter & Hafs ( 1964) reported a similar release of sperm antigen following washing. There is much biochemical evidence that washing spermatozoa alters mem¬ brane permeability and Bredderman & Foote (1969) found that fresh bull spermatozoa are osmotically active. The acrosome, which is relatively fragile and known to swell during sperm senescence (Marshall & Saacke, 1967; Saacke & Almquist, 1964) , is one likely source of the released antigens. Immunofluorescent analyses (Barker & Amann, unpublished data) revealed that antigens do leach out of the acrosome during sperm degeneration.
Results of immunodiffusion tests suggested that spermatozoa acquire some coating antigens in the epididymis and others from seminal vesicle fluid at ejaculation. Also, sperm-coating antigens in CEP were more loosely bound to epididymal spermatozoa than to ejaculated spermatozoa. Similar differences in the ability of epididymal and ejaculated bovine spermatozoa to bind antigens have been reported (Hunter & Hafs, 1964; Matousek, 1964c) . Matousek (1964c) indicated that passage of spermatozoa through the ampulla increased their ability to bind antigens. Since sperm-coating antigen(s) from the seminal vesicle was detected in the SH-F extract of purified sperm heads without their cell membranes or acrosomes, it was not bound merely to the cell membrane.
The common coating antigens in CEP and SVF were detected in spermato¬ coele fluids from epididymoligated bulls and, hence, were secreted by the testis or caput epididymidis. Immunofluorescent studies (Barker & Amann, unpublished data) revealed that certain epithelial cells of the ductuli efferentia, within the proximal caput epididymidis, secreted some of these antigens.
However, Weil (1961) (1964) found that rabbit cauda epididymal plasma and seminal vesicle fluid both contain decapacitation factor. Furthermore, Hunter & Nornes (1968) partially purified a sperm-coating antigen from rabbit seminal plasma which acted as a decapacitation factor. It is not known if bull epididymal plasma contains decapacitation factor, but it is present in bull seminal plasma (Dukelow, Chernoff & Williams, 1967 Antisera harvested from rabbits injected with pooled bull blood serum and adjuvant.
